

















































































































































































































Bismarck-Mandan MPO | City of Bismarck and City of Mandan
APPENDIX D I‘)?

APPENDIX D

Technical Memo #1



























RN

[ ] epp——
— i e B

|

| SO |

@  Segment Crash Location

| Bismarck City Limits A L -
2 i3 —
| Mandan City Limits o e o8

Figure 7. Bismarck Segment Crashes 2012-2014

Figure 8. Bismarck Segment Injury-Related Crashes 2012-2014
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Number of Injury-Related Crashes by Location in Bismarck
The intersections that experienced the most crashes resulting in incapacitating injuries between
2012 and 2014 were:

26™ St and Broadway: 1 incapacitating crash
7" Street and E Rosser Ave: 2 incapacitating crashes
9™ Street and E Ave C: 1 incapacitating crash
Divide Ave and 19" St: 1 incapacitating crash

The segments that experienced the most injury-related crashes between 2012 and 2014 were:

Washington Street: 5 non-incapacitating injury-related crashes

Memorial-Front Street: 1 incapacitating and 1 non-incapacitating injury-related crashes
Divide Avenue: 5 non-incapacitating injury-related crashes

9" Street: 3 non-incapacitating injury-related crashes

4™ Street: 1 incapacitating and 1 non-incapacitating injury-related crashes

Manner of Collision by Location in Bismarck

Bismarck segment crashes were analyzed by manner of collision. The most common crash type
to occur along segments was rear end crashes, as shown in Figure 7. Divide Ave had the
highest number of total segment crashes, as well as having the highest total of head-on
collisions (4 crashes) and non-collision with motor vehicle crashes (19 crashes). Washington
Street, 9" Street, and Divide experienced the highest total crashes resulting in injury, as shown
in Table 2 and Figure 9.

Table 2. Bismarck Segment Crashes by Manner of Collision 2012-2014

Non-Collision
Head Rear Sideswipe | Sideswipe w/ Motor
Segment On Angle End (SD)* (OD)* Vehicle Total
4th St 0 4 35 6 0 6 51
7th St 0 17 32 10 0 4 63
9th St 1 11 65 9 0 3 89
19th St 0 6 39 2 5 57
26th St 1 11 46 6 2 9 75
Divide Ave 4 20 123 19 3 17 186
Memorial-Front 1 17 36 0 9 72
Ward 0 1 1 0 2 4
Washington 1 12 86 15 0 5 119

*SD = Same Direction
*0OD = Opposite Direction
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Bismarck Segment Crashes by Manner of Collision
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Figure 9. Bismarck Segment Crashes by Manner of Collision 2012-2014

Intersection crashes were analyzed along each study corridor. The ten intersections shown to
experience the highest level frequency of crashes over the three-year period were selected and
examined further to determine intersection crash rates and comparisons of crash
characteristics. Table 3 and Figure 10 show a crash comparison for each of the selected
intersections based on manner of collision.

Table 3. Bismarck Intersection Crashes by Manner of Collision 2012-2014

Non-Collision
Head Rear Sideswipe | Sideswipe w/ Motor
Intersection On Angle End (SD)* (OD)* Vehicle Total
Memorial Hwy / 3rd St 0 24 4 1 0 1 30
4th St / Century Ave 1 24 4 0 0 0 29
Front Ave / 9th St 0 14 0 1 0 2 17
Front Ave / 7th St 0 18 0 2 0 0 20
9th St / Ave C 0 19 0 0 0 1 20
Divide Ave / Schaffer St 0 11 19 0 0 3 33
4th St / Boulevard Ave 0 11 3 0 0 1 15
7th St / Rosser Ave 0 12 0 1 0 2 15
Divide Ave / State St 1 7 16 3 0 1 28
Washington Ave / Century Ave 0 4 7 0 0 2 13

*SD = Same Direction
*0OD = Opposite Direction
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Bismarck Intersection Crashes by Manner of Collision
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Figure 10. Bismarck Intersection Crashes by Manner of Collision 2012-2014

The intersections of Divide Ave/ Schaffer St and Divide Ave/ State St experienced the most rear
end collisions with 19 (58%) and 16 (57%) respectively. Only two head-on collisions were
reported during the study period, one occurring at the intersection of 4™ St/ Century Ave and
one at the intersection of Divide Ave/ State St.

Crash Severity by Location in Bismarck
Segment crashes were also analyzed based on severity. Table 4 provides the crash values
while Figure 11 provides a visual comparison of the severity of crash percentages experienced
by each corridor. 4™ Street and Memorial Highway — Front Ave were the only corridors that
experienced crashes resulting in incapacitating injuries. Ward Rd was the only corridor segment
to consist of 100% property-damage only (PDO) crashes (7 crashes).
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Table 4. Bismarck Segment Crashes by Severity 2012-2014

Incapacitating | Non-incapacitating | Possible Property
Segment Fatality Injury Injury Injury | Damage Only Total
4th St 0 1 1 8 41 51
7th St 0 0 1 12 50 63
9th St 0 0 3 18 68 89
19th St 0 0 1 12 44 57
26th St 0 0 1 11 63 75
Divide Ave 0 0 5 24 157 186
Memorial-Front 0 1 1 15 55 72
Ward 0 0 0 0 4 4
Washington 0 0 5 24 90 119
Bismarck Segment Crashes by Severity
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Figure 11. Bismarck Segment Crashes by Severity 2012-2014
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Table 5 and Figure 12 show comparisons of intersection crashes based on severity.

Table 5. Bismarck Intersection Crashes by Severity 2012-2014

Incapacitating | Non-incapacitating | Possible Property
Intersection Fatality Injury Injury Injury Damage Only | Total
Memorial Hwy / 3rd St 0 0 2 6 22 30
4th St / Century Ave 0 0 2 8 19 29
Front Ave / 9th St 0 0 2 2 13 17
Front Ave / 7th St 0 0 1 7 12 20
9th St / Ave C 0 1 1 7 11 20
Divide Ave / Schaffer St 0 0 1 1 31 33
4th St / Boulevard Ave 0 0 2 2 11 15
7th St / Rosser Ave 0 2 2 2 9 15
Divide Ave / State St 0 0 2 3 23 28
Washington Ave / Century Ave 0 0 1 2 10 13

Bismarck Intersection Crashes by Severity
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Figure 12. Bismarck Intersection Crashes by Severity 2012-2014

The intersection of 7" St/ Rosser experienced the highest total number of injury-related
crashes. The intersections of 9" St/ Ave C and 7™ St / Rosser Ave were also the only
intersections to experience incapacitating injuries. 9" St / Ave C also had one of the highest
angle crash percentages of 95%, as shown previously in Figure 10.
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Number of Crashes by Location in Mandan
The intersections that experienced the most injury-related crashes between 2012 and 2014
were:

Main St and ND 1806 S: 1 incapacitating and 1 non-incapacitating injury-related crashes
ND 1806 S and Burlington St SE: 2 non-incapacitating injury-related crashes

3" St and Memorial Highway: 1 incapacitating injury-related crash

3" St and ND 1806 S: 1 incapacitating injury-related crash

The segments that experienced the fatality and most injury-related crashes between 2012 and
2014 were:

¢ Main Street: 1 fatality and 3 non-incapacitating injury-related crashes
e 3" Street: 3 non-incapacitating injury-related crashes
e Sunset Dr/ 6™ Ave: 4 non-incapacitating injury-related crashes

Manner of Collision by Location in Mandan

The total overall segment crashes were analyzed based on manner of collision, as shown in
Table 8 and Figure 17. Division Street experienced zero segment crashes during the study
period. It is important to note that the Main Street corridor was as analyzed as two separate
segments: the west portion between ND Hwy 25 and ND Hwy 6, and the east portion between
ND Hwy 6 and Twin City Drive. The reason for this separation is due to the difference in
characteristics such as ADT, speed limit, and rural vs urban setting between the two portions of
roadway.

Table 8. Mandan Segment Crashes by Manner of Collision 2012-2014

Non-Collision
Head Rear Sideswipe Sideswipe w/ Motor

Segment On Angle | End (SD)* (OD)* Vehicle Total
Sunset Dr / 6th Ave 2 4 9 1 1 6 23
Hwy 6 0 1 3 0 0 5 9
Old Red Trail 0 1 3 0 1 3 8
Mandan Ave 0 1 3 0 0 0 4
3rd St 0 2 14 1 0 6 23
19th St 0 0 0 1 0 1 2
Collins Ave 0 2 5 2 0 2 11
Hwy 1806 N 0 0 0 1 1 7 9
Hwy 1806 S 1 7 12 1 1 3 25
Division St 0 0 0 0 0 0

Main St (Hwy 25 to Hwy 6) 0 1 1 0 0 6

Main St (Hwy 6 to Twin City Dr) 2 20 18 12 0 9 61

*SD = Same Direction
*0OD = Opposite Direction
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Mandan Segment Crashes by Manner of Collision
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Figure 17. Mandan Segment Crashes by Manner of Collision 2012 - 2014

Main Street between ND Hwy 6 and Twin City Dr experienced the most angle crashes in
comparison to other corridors, comprising approximately 33% of its total crashes. 3™ Street and
Hwy 1806 S had the highest total rear-end crashes totaling to 14 (61%) and 12 (48%)
respectfully. Sunset Drive, Highway 1806 S, and Main St were the only segments to experience
head-on collisions.

Intersections were also analyzed along each study corridor in Mandan to identify the ten
intersections shown to experience the highest frequency of crashes over the three-year period.
Table 9 and Figure 18 show the crash comparisons for each of the selected intersections based
on manner of collision. Three intersections were reported to have three head-on collisions each:
3rdt St/ ND 1806 S, 3" St/Memorial Hwy, and Main St/ND 1806 S. The intersection with the
highest total of nine angle crashes (75% of the intersection’s crashes) was determined to be ND
1806 S and Burlington St SE, while the intersection with the highest total of 13 rear end crashes
(54% of the intersection’s total crashes) was found to be Main St and ND 1806 S.
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Table 9. Mandan Intersection Crashes by Manner of Collision 2012-2014

Non-Collision
Head Rear | Sideswipe | Sideswipe w/ Motor
Intersection On Angle | End (SD)* (OD)* Vehicle Total
Sunset Dr / Old Red Trail 1 4 1 0 0 13
Main St / Mandan Ave / Memorial Hwy 0 7 8 1 0 1 17
3rd St / ND 1806 S 3 8 3 0 4 20
3rd St / Memorial Hwy 3 5 0 2 0 1 11
Main St / ND 1806 S 3 7 13 0 0 1 24
ND 1806 S / Burlington St SE 1 9 1 0 0 1 12
Sunset Dr / 8th St NW 0 4 3 0 0 0 7
Main St / Twin City Dr 0 4 3 0 0 0 7
Main St / ND Hwy 6 1 2 3 0 0 1 7
Main St / Collins Ave 0 4 0 1 0 1 6

*SD = Same Direction
*OD = Opposite Direction
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Figure 18. Mandan Intersection Crashes by Manner of Collision 2012-2014
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Crash Severity by Location in Mandan

Segment crashes were also analyzed based on severity. Table 10 gives the total number of
crashes for each segment based on severity. Figure 19 provides a visual comparison of the

severity of crashes experienced by each corridor. Main Street was the only corridor within the

study to experience a fatality. The fatality occurred as a non-collision with motor vehicle type

crash in 2012 and involved a motorcycle. Incapacitating injury-related crashes occurred on two
corridors: ND 1806 N, and the south portion of Highway 6 near 19" Street.

Table 10. Mandan Segment Crashes by Severity 2012-2014

Non- Property

Incapacitating incapacitating Possible Damage
Segment Fatality Injury Injury Injury Only Total
Sunset Dr / 6th Ave 0 0 4 3 16 23
Hwy 6 0 1 0 3 5 9
Old Red Trail 0 0 0 1
Mandan Ave 0 0 0 0
3rd St 0 0 3 2 18 23
19th St 0 0 0 1 1 2
Collins Ave 0 0 0 2 11
Hwy 1806 N 0 1 0 0 8 9
Hwy 1806 S 0 0 2 4 19 25
Division St 0 0 0 0
Main St (Hwy 25 to Hwy 6) 0 0 1 1
Main St (Hwy 6 to Twin City Dr) 1 0 3 10 47 61
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Mandan Segment Crashes by Severity
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Figure 19. Mandan Segment Crashes by Severity 2012 - 2014

Table 11 and Figure 20 show comparisons of intersection crashes based on severity.

Table 7. Mandan Intersection Crashes by Severity 2012-2014

Non- Property
Incapacitating | incapacitating | Possible | Damage
Intersection Fatality Injury Injury Injury Only Total
Sunset Dr / Old Red Trail 0 0 1 3 9 13
Main St / Mandan Ave / Memorial Hwy 0 0 1 2 14 17
3rd St / ND 1806 S 0 1 0 5 14 20
3rd St / Memorial Hwy 0 1 0 1 9 11
Main St / ND 1806 S 0 1 1 4 18 24
ND 1806 S / Burlington St SE 0 0 2 2 8 12
Sunset Dr / 8th St NW 0 0 1 1 5 7
Main St / Twin City Dr 0 0 0 1 6 7
Main St / ND Hwy 6 0 0 0 3 4 7
Main St / Collins Ave 0 0 0 2 4 6
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Mandan Intersection Crashes by Severity
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Figure 20. Mandan Intersection Crashes by Severity 2012-2014

Crash Rates by Location in Mandan

A list of segment crash rates, measured in crashes per million vehicles-miles of travel (MVM),
for the Mandan corridor segments is provided in Table 12. These rates take into account the
total number of segment crashes during the study year period, ADT, and segment length and
provide a comparison between the relative corridors. As was noted previously, Main St was
separated into two segments from Hwy 25 to Hwy 6 and from Hwy 6 to Twin City Dr. The
corridor with the highest crash rate of 2.11 crashes/MVM was identified as Main St between
Hwy 6 and Twin City Drive. Hwy 1806 S had the second highest segment crash rate of 1.89
crashes/MVM, followed by Sunset Dr/6™ Ave with a crash rate of 1.84 crashes/MVM. Sunset
Dr/6™ Ave also had the highest segment injury crash rate of 0.32 crashes/MVM. 3" St was
determined to have the second highest injury crash rate of 0.21 crashes/MVM.
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Table 8. Mandan Corridor Segment Crash Rates

Total Segment Segment Crash Rate | Total Segment | Segment Injury Crash
Corridor Crashes (Crashes/MVM) Injury Crashes Rate (Crash/MVM)
Main St (Hwy 6 to Twin City Dr) 61 2.11 4 0.14
Hwy 1806 S 25 1.89 2 0.15
Sunset Dr / 6th Ave 23 1.84 4 0.32
Collins Ave 11 1.65 0 0.00
3rd St 23 1.64 3 0.21
Hwy 6 9 1.47 1 0.16
Hwy 1806 N 9 1.15 1 0.13
Old Red Trail 8 0.92 0 0.00
19th St 2 0.63 0 0.00
Main St (Hwy 25 to Hwy 6) 8 0.55 1 0.07
Mandan Ave 4 0.55 0 0.00
Division St 0 0.00 0 0.00

Ten intersections having the highest crash frequency were analyzed to determine intersection
crash rates. A comparison of intersection crash rates, measured as crashes per million entering
vehicles (MEV), is provided in Table 13.

The Mandan intersection with the highest study area crash rate was ND 1806 S and Burlington
St SE with 1.06 crashes/MEV. This intersection also had the highest injury crash rate at 0.18
crashes/MEV. The intersection with the second highest crash rate was 3™ St and ND 1806 S
with 1.05 crashes/MEV, followed by the intersection of Main St and ND 1806 S at 0.98
crashes/MEV. Main St and ND 1806 S also had the second highest injury crash rate of 0.08

crashes/MEV.

Table 9. Mandan Corridor Intersection Crash Rates

Total Intersection Total Intersection
Intersection Crash Rate Intersection Injury Crash Rate

Intersection Crashes (Crash/MEV) Injury Crashes (Crash/MEV)
ND 1806 S / Burlington St SE 12 1.06 2 0.18
3rd St /ND 1806 S 20 1.05 1 0.05
Main St / ND 1806 S 24 0.98 2 0.08
Sunset Dr / Old Red Trail 13 0.75 1 0.06
Main St / ND Hwy 6 7 0.73 0 0.00
3rd St / Memorial Hwy 11 0.56 1 0.05
Main St / Mandan Ave / Memorial Hwy 17 0.52 1 0.03
Sunset Dr / 8th St NW 0.45 1 0.06
Main St / Collins Ave 6 0.39 0 0.00
Main St / Twin City Dr 0.29 0 0.00
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Site Visit Observations

Based on site visits, several corridors were identified as having potential sight distance issues
along horizontal curves and various intersections. The corridors in particular where concern was
noted was the vertical grade and sight distance at the intersection of Sunset Drive and Division
St, and horizontal curves along Old Red Trail/Mandan Ave and 19" Street. These corridors
experience inconsistencies regarding lane widths and shoulder/curb as well.

Main Street was found to experience the most crashes between Highway 6 and Twin City Drive.
This 2-mile long segment of Main St has high access density, with approximately 24 cross-
streets and over 30 private entries with direct access to the Main Street corridor. In addition, on-
street parking is available along some portions as well. Managing the high level of access points
could potentially help address the relatively high number of angle, head-on, and opposite-
direction sideswiping crashes that occurred along this segment.

5.0 Conclusions

Based on the ARTPLAN results, various corridors within the City of Mandan and the City of
Bismarck were identified as having a LOS of D or worse under existing 2014 traffic conditions.
These corridors can be expected to experience continued travel delays during peak conditions
under forecasted conditions of expected traffic growth.

Regarding other modes of travel, future improvements should consider improved connectivity
for designated bicycle routes. The bicycle level of service indicates that bicycle service levels
are higher when a corridor incorporated a designated bike route throughout its entirety rather
than small alternating segments. Also, as potential roadway improvements are considered in the
next phase of the study, future on-street bicycle needs (both to current bike routes and planned
bike routes in the LRTP) should be considered in any recommendations.

The safety analysis recognized the corridor segments and intersections with the highest crash
rates and most severe crashes. While no fatalities occurred for any Bismarck corridors within
the three-year study period, there were 42 intersection and 20 segment crashes resulting in
incapacitating and non-incapacitating injuries. Bismarck’s 9" St corridor between Boulevard Ave
and Rosser Ave was determined to have both the highest segment crash rate of 11.3
crashes/MVM and the highest segment injury crash rate of 0.38 crashes/MVM. Bismarck’s 19"
St corridor between Divide Ave and LaSalle Dr was found to have the lowest segment crash
rate of 2.59 crashes/MVM, while Ward St from Divide Ave to Edwards Ave had the lowest
segment injury crash rate of zero. Divide Ave, Washington St, and 9" St were found to have the
highest occurrences of segment rear-end crashes. Divide Ave was also found to have the
highest frequency of head-on collisions as well.

Ten intersections with the highest crash frequencies were also identified within the Bismarck
study area. Their intersection crash rates ranged from 0.43 crashes/MEV to 1.55 crashes/MEV,
with the intersection of Washington Ave and Century Ave ranking at the lowest and the
intersection of Memorial Highway and 3" Street ranking at the highest.

In the City of Mandan there were 16 segment and 19 intersection injury-related crashes that
occurred during the three-year study period. Of the 16 injury-related segment crashes, one
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consisted of a fatality and occurred on Main St. The segment with the highest segment crash
rate was determined to be the Main St corridor between ND Hwy 6 and Twin City Dr with a
crash rate of 2.11 crashes/MVM. The segment with the highest injury-related crash rate was
Sunset Dr/6™ Ave at 0.32 crashes/MVM. Division St had values of zero for both segment crash
rate and segment injury crash rates. Main St between Hwy 6 and Twin City Dr was found to
have the highest total of angle crashes than any other corridor. 3" St and Hwy 1806 S had the
highest occurrences of rear-end crashes.

The ten intersections in Mandan with the highest crash frequencies had intersection crash rates
ranging from 0.29 to 1.06 crashes/MEV. The intersection of Main St and Twin City Dr had the
lowest of 0.29 crashes/MEV and no injuries reported, while the intersection of ND 1806 S and
Burlington St SE had the highest intersection rate of 1.06 crashes/MEV as well as the highest
intersection injury crash rate of 0.18 crashes/MEV. The intersection of 3 St and ND 1806 S had
the second-highest intersection crash rate of 1.05 crashes/MEV.
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Bismarck Corridors
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Mandan Corridors
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Memo

Date:  Monday, April 25, 2016
Project. Mandan and Bismarck Corridor Improvement Study — Bismarck-Mandan MPO
To:  Agency Representatives

From: HDR

Subject:  Technical Memo #2 & #3

1.0 Introduction

The purpose of this memorandum (the Memo) is to provide an analysis of the forecasted 2040
traffic operations for each of the corridors within the study area under a no-build alternative. In
addition, preliminary low-cost alternatives to help improve traffic operations and safety are
identified for each corridor and were presented at the second public input meetings held on
March 29" and 31 of 2016. These alternatives will then be evaluated further to determine their
level of effectiveness on improving traffic operations and will be communicated in the next
Technical Memo #4. Alternative evaluation will include cost/benefit analysis for each as well as
evaluation of Level of Service (LOS), capacity, environmental and social impacts, advantages
and disadvantages, cost comparisons, and overall construction feasibility of the alternatives.

Figure 1 shows the functional classification of roadways in Bismarck and Mandan. All corridors
included in the study are categorized as either minor arterials or principal arterials, meaning
these roadways are major thoroughfares for the city that move high volumes of traffic daily with
a high degree of mobility. The alternatives discussed in this Memo have been identified as ways
to improve the safety and traffic operation of each corridor to help the roadway function as the
arterials they are meant to be.
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2.0 2014 Existing Traffic Operations

The 2014 existing conditions LOS methodology, analysis, and results were provided in the
previously submitted Technical Memo #1 (Memo #1). 2014 LOS for the Bismarck and Mandan
study areas are provided in Figure 2. The results are shown for the through-movement
intersection LOS at each main (primarily signalized) intersection as well as the LOS along each
corridor segment.

A safety analysis was also conducted as part of Memo #1 and was useful in identifying which
corridors and intersections experienced the highest frequency of crashes, severity, as well as
what types of crashes were most prevalent. This information proved beneficial in determining
which preliminary alternatives were best suited for specific locations and movements. 2014 LOS
results are provided in Appendix A.

3.0 2040 Forecasted Traffic Operations (No Build)

The Mandan and Bismarck Corridor Improvement Study traffic forecasts were developed
through the following steps:

e Traffic growth rates were forecasted for corridor segments by evaluating outputs from
the Bismarck-Mandan MPO travel demand model. The modeled growth rates were
based on a comparison for 2040 E+C scenario daily traffic volume output compared to
2010 base year daily model output.

o Year 2014 average daily traffic (ADT) volumes were the baseline data source for
the analysis and forecasts. Modeled growth rates (30-year trend from the model)
were prorated to a rate reflecting growth from 2014 to 2040. The model forecasts
show the near-term period (2010 to 2025) had twice as fast growth as the longer-
term period (2026-2040). These model trends led to the assumption that
approximately 18% of all forecasted 2010 to 2040 growth had occurred by 2014.

o The prorated growth factor was then associated with each segment in the studied
corridors where an ADT count was available to develop 2040 ADT forecasts.
Note that the forecasts for this study use an updated methodology and data that
provide slightly different 2040 E+C forecasting results than the 2015-2040 LRTP,
since the 2014 ADT counts were not available at the time the LRTP was
completed.

e Growth rate factors were interpolated at corridor segments where data was not
available. The forecasted growth rates are relatively consistent across most corridors,
which verified that interpolating between segments did not skew the results.

e Each segment’s forecasted growth rates were reviewed for appropriateness by

calculating the peak hour percentage of daily traffic (often referred to as “K-factors”).
2014 K-factors were then compared to 2040 K-factors for consistency.
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Using the constraints of the existing infrastructure also referred to as the no-build alternative,
the forecasted 2040 traffic volumes were applied to determine the estimated 2040 LOS for each
corridor segment located within the Bismarck-Mandan study area. The 2040 LOS results are
provided in Figure 3 and depict only the segments identified to have LOS of D, E and F. 2040
LOS results are provided in Appendix B and followed the same methodology as was used for
Memo #1.

Comparing the 2014 and 2040 LOS results, there is no variance for Mandan but several
corridors in Bismarck are projected to see deterioration in Level of Service by the year 2040.
Divide Ave from Schafer St to Washington St will decrease from LOS A to LOS F. 4™ St from
Interstate Ave to Divide Ave will decrease from LOS C to LOS D. 7" St from Boulevard Ave to
will decrease from LOS E to LOS F. Finally, Front Ave from 3™ St to 7" St will decrease from
LOS Eto LOS F.

4.0 Preliminary Alternatives

Two of the primary objectives of the Corridor Improvement Project are to improve traffic
operations along the corridors and to reduce crashes by applying low-cost alternative solutions
such as access management, signal modifications, geometry and lane reconfiguration, signing,
and traffic calming measures. With these goals in mind, each corridor and major intersection
was analyzed based on LOS and crash data to determine what, if any, alternatives could be
applied to improve conditions. The following provides various alternatives for each of the
Bismarck and Mandan corridors within the study area.

4.1 Mandan Corridor Alternatives
The major improvement corridors for Mandan are shown in Figure 4 with colored lines that
represent the typical section of the proposed alternative with the associated existing conditions
shown. Major intersection improvements are also shown in the figure as graphical insets with
conceptual representation of the changes for Sunset Drive, Main Street, and the intersection
with Mandan Avenue and Old Red Trail. Minor intersection improvements are not shown on this
figure but are discussed below in the corridor segment discussion.
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Main Street

This segment includes the corridor of Main Street between Highway 25 and Twin City Drive.
Currently, the corridor consists of very high access density and numerous consecutive signals.
On-street parking is essential for businesses on Main St, but parallel parking may be
contributing to less-desirable traffic operations.

Proposed alternatives include:

e No-build between Hwy 25 and 10™ Ave NW (Hwy 6).
e Install 3-lane section between 10™ Ave NW and 3™ Ave NE. Keep on-street parking on
north side and add on-street parking on the south side.
o Provide more right-turn storage by lengthening turn lanes by eliminating two or
three parking stalls at major intersections. .
e Add protected left turn phasing at all signalized intersections.
Coordinate all traffic signals.
e Improve all crosswalks, which have ADA accessible curb ramps.
o Re-stripe all crosswalks.
o Install Pedestrian Hybrid Beacon, also known as a HAWK beacon (High-Intensity
Activated crossWalK).
o Add advanced pedestrian crossing sighage at those do not already have it (2™
Ave NW and 4™ Ave NW).
8™ Ave NW
7" Ave NW
1°' Ave NE
2" Ave NE
4" Ave NE
8" Ave NE
9" Ave NE
10" Ave NE
11" Ave NE
12" Ave NE
13" Ave NE

Sunset Drive / 6" Avenue

This segment includes Sunset Drive and 6" Avenue between Old Red Trail and Main St. Based
on feedback from attendees at the first public meeting, there is a concern of safety and traffic
operations at the intersection of Sunset Drive and Old Red Trail. This is a location that
experiences a number of rear-end, side-swipe, and angle crashes.

Proposed alternatives include:

e At the intersection of Old Red Trail and Sunset Dr:
o Install a dedicated right turn lane for northbound to eastbound traffic on Sunset
Dr.
o Remove island on the west approach of Old Red Trail, and remove the
channelized right-turn lane to prevent traffic from merging unsafely with
southbound Sunset Drive traffic.
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o Narrow the through lane for the southbound traffic immediately south of the
intersection and make the right turn lane to the westbound 1-94 ramp more
defined. This would discourage drivers from inadvertently entering the right turn
lane for the ramp.

o Add clear advanced signage for drivers on the westbound 1-94 off-ramp, so they
know which turn lane they need to be in in order to get where they want to go.
This would hopefully prevent drivers from making rushed lane changes in the
turn bays immediately north of the off-ramp.

o Install a raised median throughout intersection to allow for advanced signage of
lane designations.

o Install signal control on channelized right turn on eastbound-to-southbound
approach.

o Regarding signalization at the ramp, look at installing sequential lead-lag or split
phase operation.

e Coordinate timing of signals at the 1-94 westbound and eastbound ramps with the signal
at Old Red Trail.

Highway 6

This segment includes Highway 6 between Main Street and 19" Street. The corridor along this
section consists of two-lane highway in a rural setting.

Proposed alternatives include:

¢ Installing a southbound left turn lane and a northbound right turn lane at the intersection
of Hwy 6 and 19" Street (currently being done 2016).

e Install advance signing to warn drivers of the upcoming Hwy 6 and 19" Street
intersection.

 Install lighting at Hwy 6 and 19" Street intersection to increase visibility for drivers.

Old Red Trail
This corridor consists of Old Red Trail between Sunset Drive and Mandan Avenue.
Proposed alternatives include:

e No-build between Sunset Drive and Mandan Avenue.
e At the intersection of Old Red Trail and Mandan Avenue:
o Flatten horizontal curve so speed reduction is not necessary, extend curb and
gutter, and add advance warning signing.
o Consolidate Tesoro access to one approach as a radial “T” intersection.
o Install dedicated left turn lane into Tesoro for eastbound trucks.

Mandan Avenue

Mandan Avenue runs north and south between Old Red Trail and Main Street.
Proposed alternatives include:

e Atintersection of Old Red Trail and Mandan Ave:
o Install right turn lane for northbound trucks into Tesoro.
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e For the intersection of Main St and Mandan Ave:
o Update and restripe the pavement markings on intersection approaches.
o Add lane extension skips through the intersection to help drivers navigate.
o Add overhead lane designation signs on mast arms of traffic signal.

3" Street
3" Street runs east and west between Highway 6 and Memorial Highway.
Proposed alternatives include:

e Eliminate 4-way stops between Highway 6 and 8" Street and add pedestrian signing
near Mary Stark Elementary School.
o Pedestrian crossing associated with schools will be incorporated as part of the
MPO School Safety Crossing Study.
e At the intersection of 3" Street and Memorial Highway:
o Add curb and gutter or guardrail along radius to prevent erosion and enhance
safety of turning vehicles.

19" Street

This section of roadway consists of 19" Street between Highway 6 and ND 1806. The segment
of roadway between HWY 6 and Ridge Drive and between 14™ Ave SE to HWY 1806 is a two-
lane rural section, but is in the process of being heavily developed with residential housing. 19™
St runs past Fort Lincoln Elementary School. Pedestrian crossing associated with Fort Lincoln
Elementary School will be incorporated as part of the MPO School Safety Crossing Study.

Proposed alternatives include:

e Extend the existing urban section from HWY 6 to Ridge Drive and 14" Ave SE to HWY
1806.
o Install 3-lane section.
e Provide turn lanes to all major intersections between Ridge Drive and Hwy 6.
e |[nstall a 3-lane section and eliminate on-street parking for urban segment between
Ridge Drive and 14" Ave SE.

Collins Avenue

Collins Avenue runs north and south between Old Red Trail and Main Street. There are
currently sight distance issues at the east approach of the intersection of Division Street and
Collins Ave due to the presence a retaining wall.

Proposed alternatives include:
¢ In consideration of the Starion Sports Complex to be located at the SE quadrant of the
Old Red Trail and Collins Ave intersection, intersection improvements may be advisable:

o Install traffic signal and left turn lanes in all quadrants.
o Installation of a roundabout.
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e At the intersection of 14" Street and Collins Ave:
o Replace 4-way stop with a 2-way stop, with traffic on Collins Ave being free.
o Possibly incorporate signalization if warranted.
e At the intersection of Division St and Collins Ave:
o Offset the retaining wall further back from the street to provide an increase in the
sight distance triangle on the east approach of Division.
e Improve sight distance triangle at residential intersections by offsetting retaining walls:
o 5"StNE
o 7"StNE

Highway 1806 N

This section of ND 1806 N runs north and south between 38" Street and Old Red Trail. The
portion of this corridor is mostly rural; however it is expected to experience a high growth in
traffic volumes by the year 2040 due to development.

Proposed alternatives include:

e Installation of left turn lane on northbound ND 1806 N at the intersection of 27" Ave.
e At the intersection with 27" Ave, install a Pedestrian Hybrid Beacon (aka HAWK beacon)
at the pedestrian crossing.

Highway 1806 S

This segment of roadway runs north and south between Main Street and 19" Street. Based on
the crash data and feedback from attendees at the first public meeting, there is a safety concern
regarding the intersection of ND 1806 S and Burlington St SE. Grocery store Dan’s Super
Market is located near that intersection and there is a high frequency of conflicts between
vehicles turning onto Burlington and between vehicles and pedestrians trying to navigate the
intersection.

Proposed alternatives include:

Install a 3-lane section between Main and 3™ S.
e At the intersection of Burlington Street and ND 1806:
o Add a pedestrian crossing and sidewalk along the east side of ND 1806 S (6"
Ave SE).
o Install a Pedestrian Hybrid Beacon (aka HAWK beacon) at the pedestrian
crossing.
o Introduce signalization if warranted.
o Install left turn lane on ND 1806 S on the south approach and right turn lane on
north approach for vehicles turning onto Burlington St.
e At the intersection of 3 St and ND 1806 S (6" Ave SE):
o Extend curb and gutter around radius to control access into the gas station.
o Line up left turn lane offsets on the east and west approaches.
o Eliminate the boulevard on the east approach between the curb and sidewalk to
improve intersection lane geometry without eliminating on-street parking.
e Just south of the intersection of 3" Street and ND 1806 S, the southbound through
movement quickly merges from two through lanes to one with very little transition.
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o Use one lane as a right turn lane on the north approach and drop it at the
intersection. Therefore only one lane is carried through the intersection and
eliminates the need for merging.

o Incorporate a dedicated left turn lane.

e No-build between 3™ St SE and 19" St SE.

Division Street

This portion of the study area includes Division Street between Sunset Drive and 8" Avenue
NE. The land-use along this corridor is mostly residential.

Proposed alternatives include:

e At the intersection of Sunset Drive and Division Street:
o Restripe stop bar on Division Street closer to perpendicular travel lane on Sunset
Drive to increase sight distance on approach.
o Maintain roadside vegetation and prune trees as necessary to provide adequate
sight distance for drivers on Division Street approach.
e At the intersection of Division Street and 6™ Avenue:
o Eliminate yield and stop control for Division Street approaches and allow for free
through movement. Make 6" Avenue approaches stop controlled.
e At the intersection of Division Street and Collins Avenue:
o As previously mentioned, offset retaining wall further from roadway to provide
increased sight distance for drivers on east Division Street approach.

4.2 Bismarck Corridor Alternatives
The major improvement corridors for Bismarck are shown in Figure 5 with colored lines that
represent the typical section of the proposed alternative with the associated existing conditions
shown. Minor intersection improvements are not shown on this figure but are discussed below in
the corridor segment discussion.
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Washington Street

The Washington Street corridor within the study area includes the portion between Calgary
Avenue and Divide Avenue.

Propose alternatives include:

¢ |[nstall 3-lane section and eliminate on-street parking between Divide Ave and Century
Ave.
o Could also eliminate all parking and raise speed limit to 30-35 mph between
cross streets Interstate Ave and Century Ave.
Install 3-lane section between cross streets Century Ave and Calgary Ave.
¢ At the intersection of Washington St and Century Ave:
o Reduce the negative offset of the left-turn lanes by aligning lanes to be in line.
o Install Flashing Yellow Arrows (FYA) on all approaches at the intersection.
e Coordinate Interstate Ave and Turnpike Ave signals.
e At the intersection of Washington St and W Central Ave:
o Close two access points (one on Washington St and One on Central) to the
Tesoro gas station, closest to the intersection.

Divide Avenue

Divide Avenue runs east and west between Schafer St and Bismarck Expressway.
Proposed alternatives include:

e Install 3-lane section and eliminate on-street parking between Shafer St and State St,
utilizing share-the-road signage for bicyclists.
o Width of roadway could allow for on-street parking remaining on north side from
Shafer St to Washington St using share-the-road signage.
e Eliminate on-street parking and keep the bike lanes between Shafer St and Washington
St.
¢ |[nstall 3-lane section and eliminate on-street parking, keep bike lanes between State St
and 26" St.
o Could also stripe bike lanes in a different color to increase visibility.
 Eliminate on-street parking between State St and 26" St on one side, widen the south
sidewalk to a shared-used path width and eliminate bike lanes.
e No-build between 26" St and Bismarck Expressway.
e At the intersection of Divide Ave and Washington Ave increase radius to accommodate
turning vehicles on west approach.
e At the intersection of Divide Ave and 4™ Street:
o Increase storage length for westbound left turning vehicles.
o Install FYA on all approaches.

4" Street

The portion of 4" Street included in the study area runs north and south between Century
Avenue and Boulevard Avenue.
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Proposed alternatives include:

¢ |[nstall 3-lane section and eliminate parking on entire corridor between Century and
Boulevard.
o Width of roadway could allow for on-street parking remaining on one side from
Century Ave to Capitol Ave.
o Install FYA on all approaches.
e At the intersection of 4™ St and Century Ave:
o Install FYA on all approaches.
o Improve left turn offsets for car storage along Century Ave approaches to
increase sight distance.
e At the intersection of 4™ St and Divide Ave:
o Lengthen left turn bays on north and south approaches.
o Add FYA and left turn detection (especially during PM peak hour).
e At the intersection of 4™ Street and Boulevard Ave:
o Coordinate signals along Boulevard Ave between 3 St and 7" Street to alleviate
congestion on east approach of Boulevard Ave.
= 3%and 4" St signals are pre-timed
= 6" Stis actuated
= 7™ 8" and 9" Streets are pre-timed.

7'" Street

The segment of 7™ Street included in the study area consists of the section of roadway between
Boulevard Avenue and Rosser Avenue and allows for one-directional southbound traffic only.

Proposed alternatives include:

e [nstall 3 through lanes and eliminate parking on east side (so driver side car doors are
opened to the curb) between Rosser and Boulevard.

 Improve lighting along 7" Street corridor, especially in the school zone at Bismarck High
School.

e Move stop bars further back from crosswalks.
Install “Stop Here for Pedestrian” signing to get vehicles to stop further away from
crosswalks.

9'" Street

The segment of 9" Street included in the study area consists of the section of roadway between
Boulevard Avenue and Rosser Avenue and allows for one-directional northbound traffic only.

Proposed alternatives include:

e [nstall 3 through lanes and eliminate parking on west side (so driver side car doors are
opened to the curb) from Rosser to Boulevard.
e At the intersection of 9" Street and Boulevard:
o Keep existing left turn lane and two right turn lanes.
e Introduce traffic calming measures (table tops, bump outs, etc.).
e Enhance the all pedestrian crossings in school zone to increase visibility.
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 Improve lighting along 9" Street corridor, especially in the school zone at Bismarck High
School.
Move stop bars further back from crosswalks.

e Enhance all pedestrian crossings along corridor.
Install “Stop Here for Pedestrian” signing to get vehicles to stop further away from
crosswalks.

Front Ave/Memorial Highway

Front Ave / Memorial Highway runs east and west between Main Avenue and 12" Street.
Proposed alternatives include:

e No-build between Main Ave and Washington St.
e No-build between Washington St and 12" St unless:
o Unconventional lane widths are approved to allow for a 3 lane section,
eliminating on-street parking.
e Eliminate two access points for parking lot on the north side of Front Ave, just east and
west of Mandan St.
e At the intersection of Front Ave and 3" Street:
o Install FYA on all approaches.

26" Street

The portion of 26" Street included in the study area runs north and south between Divide
Avenue and Airway Avenue.

Proposed alternatives include:

e No-build between Divide Ave and Rosser Ave.

e |[nstall 3-lane section, eliminating one side of on-street parking between Rosser Ave and
Main Ave.

e No-build between Main Ave and Airway Ave.

19" Street
This portion of 19" Street runs north and south between Divide Avenue and LaSalle Drive.
Proposed alternatives include:

e Install 3-lane section and eliminate on-street parking from LaSalle Dr to Century Ave.
e At the intersection of 19" St and 43™:
o Realign 19" St approaches to line up.
o Introduce left turn lane and shared right/through lane on northbound 19" St
approach.
e Add right turn lane for Shiloh and left turn lane for basin electric between Capitol and
Century.
o Require crossing guard wherever there is currently a pedestrian crossing
beacon.
e No-build between Century Ave and Capitol Ave.
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APPENDIX F

Truck Demands Memo
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APPENDIX G

Truck Assessment Memo
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APPENDIX H

Public Involvement

To encourage public participation and to solicit public input, an interactive webpage was
developed and three rounds of public input meetings were conducted in the cities of Mandan
and Bismarck.

The study corridors and the existing conditions were presented at first round of public input
meetings held at the Mandan City Hall on January 26, 2016, and at the Bismarck Public Library
on January 28, 2016. Not Including staff, the attendance at the Mandan Public Meeting was 8
citizens and the attendance at the Bismarck Public Meting was 10 citizens.

Preliminary alternatives for corridors within both cities were presented at the second round of
public meetings held at the Mandan City Hall on March 29, 2016 and at the Bismarck Public
Library on March 31, 2016. Not Including staff, the attendance at the Mandan Public Meeting
was 2 citizens and the attendance at the Bismarck Public Meting was 3 citizens.

At the third round of public meetings held on at the Bismarck Public Library on June 1, 2016 and
at the Mandan City Hall on June 2, 2016 the alternatives were discussed in further detail and
analyzed to determine to what extent their effectiveness will have on traffic operations and
safety. Through this process, the most beneficial mitigation efforts could be identified and given
focus. Not Including staff, the attendance at the Mandan Public Meeting was 5 citizens and the
attendance at the Bismarck Public Meting was 7 citizens.

Throughout the duration of the study a total of 7 comments were received by various sources:

1 Letter

1 Telephone

2 Comment forms at public meetings

2 Email correspondence

1 Web page submittal on Interactive map

Included in this appendix are the public meeting presentations, attendance sheets and
comments received.
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